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Quantification of Left Ventricular Volumes
Using Three-dimensional Echocardiography:
Comparison With 64-slice Multidetector
Computed Tomography
Shih-Sheng Chang, Hsiang-Tai Chou*, Hsin-Yueh Liang, Kuan-Cheng Chang
It is important to correctly assess left ventricular volumes and ejection fraction (EF) in patients
with heart diseases. Data calculated by transthoracic real-time three-dimensional echocardio-
graphy (RT3DE) and 16-slice multidetector computed tomography (16-MDCT) have been
tested and compared with references from cardiac magnetic resonance images. Results from
16-MDCT shows larger left ventricular volumes and smaller left ventricular EF when compared
with those from trans-thoracic RT3DE and cardiac magnetic resonance imaging. Recently, it
has been reported that the same measurements as determined by 64-MDCT are similar to
those from cardiac magnetic resonance imaging. There are no reports on the comparison of left
ventricular volume and EF derived from transthoracic RT3DE with those from 64-MDCT. In
this study, we aimed to compare both transthoracic RT3DE and two-dimensional echocar-
diography (2DE) measurements with 64-MDCT. Thirty healthy adults were examined. In
2DE, the left ventricular end-diastolic volume (EDV), end-systolic volume (ESV) and EF were
determined with Simpson’s biplane method. The data acquired from transthoracic RT3DE and
64-MDCT were analyzed after the images were transferred to the workstation. There was
a strong correlation of left ventricular EDV, ESV and EF measured by transthoracic RT3DE
with 64-MDCT (y = 0.92x + 8.3, R2 = 0.84; y = 0.82x + 7.75, R2 = 0.92 and y = 0.83x + 11.5,
R2 = 0.85, respectively; all p < 0.01). The correlation of EDV, ESV and EF with 64-MDCT as
assessed by 2DE was not as strong as that with transthoracic RT3DE (y = 0.71x + 28.42,
R2 =0.65, y=0.6x+16.27, R2 =0.75, y=0.56x+27.5, R2 =0.58, respectively; all p<0.01). The
intra-observer and inter-observer variability of transthoracic RT3DE were low, but there
were greater differences in inter-observer examinations. In conclusion, we showed that
the values of left ventricular volume and EF as measured by transthoracic RT3DE correlated
well with those determined by 64-MDCT; however, measurements from 2DE were not as
well correlated.
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Introduction
Left ventricular (LV) volume and ejection fraction
(EF) are important in management of patients with
heart disease [1]. Many modalities, e.g. echocar-
diography, LV angiography, single photon emission
computed tomography and magnetic resonance
imaging, offer reliable measurements of LV volumes
and EF [2]. Two-dimensional echocardiography
(2DE) and the motion-mode (M-mode) method has
been the main modality used for evaluating LV func-
tion and volume. The M-mode methods have short-
comings including foreshortening errors, reliance on
geometric models and low reproducibility [3,4].
Three-dimensional echocardiography (3DE) theo-
retically has the advantages of less dependence on
geometric assumption and no foreshortening errors.
New matrix array transducers make transthoracic
real-time 3D echocardiography (RT3DE) possible [5].
Multi-detector computed tomography (MDCT)
coronary angiography could offer measurements of
LV volume and EF other than delineating vascular
stenosis.
Recently, 64-slice multi-detector computed to-
mography (64-MDCT) had been validated for the
assessments of LV volume and EF [6]. The few stud-
ies investigating the correlation of assessments of the
LV function and volume from MDCT and transtho-
racic RT3DE suggested inconsistent results. Sugeng
et al [7] reported a design for head-to-head com-
parison of the assessments of LV volume and func-
tion derived from transthoracic RT3DE and MDCT.
They concluded that MDCT provides highly repro-
ducible measurements of LV volume, which are signif-
icantly larger than cardiac magnetic resonance (CMR)
values. Transthoracic RT3DE measurements are more
favorable than those from MDCT with a CMR ref-
erence. However, a study from Henneman et al [8]
tested 40 patients who had coronary artery disease
with assessment of LV volume from 2DE and 
64-MDCT, and reported excellent correlation in LV
volume, function and even regional wall motion
abnormalities between these two modalities. To lessen
the possible interference of LV assessments from
cardiac pathologic changes, we recruited relatively
normal subjects to compare these parameters
assessed by transthoracic 2DE and RT3DE with
those determined by 64-MDCT.
Methods
We consecutively enrolled 30 relatively healthy adults
visiting our hospital for a healthy workup including
coronary CT angiography assessed by 64-MDCT.
None of these 30 patients had significant coronary
artery disease, valvular heart disease or cardiomyopa-
thies. Transthoracic 2DE and 3DE were performed
after coronary CT angiography. Written informed
consent was obtained from all patients.
Coronary CT angiography images were acquired
from a 64-MDCT scanner (GE Light Speed VCT XT
scanner; General Electric Company, Fairfield, Con-
necticut, USA) after intravenous administration of
nonionic iodinated contrast agent. Oral ß-blockers
were given to all 30 subjects to control the heart
rate at approximately 55–65 beats/min. After the
scout view defined the scan range, contrast en-
hanced MDCT data were acquired during a single
breath-hold. Scan data were reconstructed with
retrospective electrocardiogram gating.
We acquired 2DE from apical views of the left
ventricle using harmonic imaging with a transtho-
racic phased array transducer (S5-1, iE33; Philips
Medical Systems, Andover, Massachusetts, USA).
Measurements of LV end-diastolic volume (EDV),
end-systolic volume (ESV) and EF were obtained
using the software installed on the ultrasound ma-
chine. The EDV was defined as the time of mitral
valve closure and ESV was measured in the small-
est LV cavity. Volumes were obtained from apical
four- and two-chamber views using the biplane
Simpson rule.
Transthoracic 3DE was obtained from the apical
window with the patient in a left lateral decubitus
position with an IE-33 scanner equipped with a
dense matrix array transducer (×4) in the harmonic
mode. To contain the entire LV during transthoracic
RT3DE imaging, the wide-angle mode acquisition
consisting of 4 subvolume datasets were performed
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within a single breath-hold. Acquisition of each sub-
volume was triggered by the electrocardiogram R
wave of every other heartbeat.
The data sets of MDCT were analyzed by com-
mercially available software (CardIQ, AW Volume
Viewer Plus; General Electric Company). The end-
systolic frame and end-diastolic frame were defined
first. The LV endocardial boundaries were delineated
semi-automatically and corrected manually in ob-
lique views of the heart oriented along the short axis,
long axis and vertical long axis. The papillary muscles
and trabeculae were excluded from the LV cavity
(Figs. 1A and 1B).
In transthoracic 3DE, semi-automated border
detection for performing LV volume analysis was
performed with Q-LAB software (version 5.0, 3DQ
Advanced software; Philips Medical Systems). By
identifying the apex and mitral annulus on each
slice, a preconfigured ellipse was fitted to the endo-
cardial borders of each frame (Fig. 1C). Frames for
end-diastolic and end-systolic volume measurements
were identified by the same method as for 2DE. We
then corrected the endocardial delineation on the
selected frames. These reconstructed surfaces were
used to calculate LV volumes. EF was computed as
follows: EF = (EDV – ESV)/EDV.
Two independent investigators who were blinded
to the CT results analyzed all of the transthoracic
3DE data sets to derive the measurements of LV
volume, EDV, ESV and EF. One of the two investi-
gators repeated all of the transthoracic 3DE mea-
surements 2 weeks later.
Statistical analysis
All measurements were expressed as mean±SD. The
relationship between measurements from each tech-
nique, 64-MDCT, transthoracic RT3DE, and 2DE,
was evaluated with linear regression analysis. For
linear correlation analysis, the Pearson correlation
coefficient R was computed using MedCalc analysis
RT3DE and MDCT Evaluation of LV Volumes
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Fig. 1. (A, B) Long-axis and short-axis images of the left ventricle
(LV) obtained from 64-slice multi-detector computed tomogra-
phy. The trabeculae and papillary muscle were excluded from the
LV cavity. (C) Long-axis and short-axis images of the LV obtained
from real-time 3-dimensional echocardiography.
software, release 9.2 (MedCalc Software, Mariakerke,
Belgium). Agreement between the results of 64-
MDCT, transthoracic RT3DE and 2DE was assessed
by the Bland-Altman method [9]. The reproducibil-
ity of the transthoracic RT3DE-derived measurements
of EDV and ESV and EF was evaluated by calculat-
ing the intra-observer and inter-observer variability,
which was defined as the absolute difference be-
tween the corresponding repeated measurements
expressed by the percent of their mean. Variability
values obtained for each index in each patient for
each imaging modality were then averaged over the
entire group of patients and presented as mean±SD.
Results
All 30 patients (24 men and 6 women aged 54 ±
10 years; body mass index, 25.76±2.9kg/m2) came
to our hospital from April 2007 to July 2007 for
coronary CT angiography assessed by 64-MDCT
and underwent transthoracic RT3DE and 2DE within
2 weeks after CT studies. Of these 30 patients, 6 had
hypertension, 5 had diabetes mellitus, and none had
coronary artery disease. LV contour delineation was
feasible in all CT and echocardiographic examina-
tions. Among the 30 subjects, 4 patients had sub-
optimal images in transthoracic RT3DE. Manual
corrections were necessary to optimize the position
of the endocardial boundaries in all 30 patients for
all three imaging modalities, but the required cor-
rections were more extensive for transthoracic
RT3DE than those for 2DE and 64-MDCT. The val-
ues of LV volume, EF, EDV and ESV measured by
these three modalities are shown in Table 1. Figs. 2A
and 2B show the data of linear regression analysis
for transthoracic 2DE and RT3DE measurements of
LV volumes and EF versus the 64-MDCT reference
values, respectively. The measurements of LV vol-
ume and systolic function derived from transtho-
racic RT3DE correlated well with those obtained
from MDCT (y = 0.92x + 8.3, R2 = 0.84; y = 0.82x +
7.75, R2 = 0.92 and y = 0.83x + 11.5, R2 = 0.85, res-
pectively; all p < 0.01). The 2DE data were not as
well correlated with MDCT when compared with
transthoracic 3DE (y=0.71x+28.42, R2 =0.65, y=
0.6x+16.27, R2 =0.75, y=0.56x+27.5, R2 =0.58,
respectively; all p<0.01). Fig. 3 summarizes the data
of Bland-Altman analysis for transthoracic 2DE (top)
and 3DE (bottom) measurements of LV volumes
and EF versus the MDCT reference values. With
regard to EDV, ESV and EF measurements, the 95%
limits of agreement with MDCT were tighter for
transthoracic 3DE than those for 2DE. Table 2
shows the inter-observer and intra-observer vari-
ability of LV volume, EDV, ESV and EF measurements
for transthoracic RT3DE. The interobserver variabil-
ity values of LV volume, EDV, ESV and EF were 7.7 ±
13.8, 12.0 ± 14.7 and 3.5 ± 8.3, and intra-observer
values were 4.6 ± 8.2, 6.8 ± 10.0 and 1.0 ± 3.8, res-
pectively. Inter-observer variability was significantly
greater than intra-observer variability for transtho-
racic RT3DE.
Discussion
In our study, we found good agreement between
transthoracic 3DE and 64-MDCT measurements of
both LV volume and function. The measurements
from 2DE were not as well correlated with results
from 64-MDCT when compared with transthoracic
3DE (Fig. 2). It appeared that 64-MDCT yielded
larger measurements of LV volumes and a smaller
LVEF when compared with those from transthoracic
2DE or 3DE (Fig. 3).
In view of the important prognostic and thera-
peutic implications of both cardiac volumes and EF,
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Table 1. Left ventricular volume and ejection fraction
assessed by two-dimensional echocardiography (2DE),
real-time three-dimensional echocardiography (RT3DE)
and 64-slice multi-detector computed tomography
(64-MDCT)
EDV (mL) ESV (mL) LVEF (%)
2DE 124.0 ± 16.5 47.1 ± 8.4 62.0 ± 4.8
RT3DE 132.6 ± 18.9 50.2 ± 10.4 62.0 ± 5.8
64-MDCT 134.8 ± 18.7 51.9 ± 12.2 61.2 ± 6.4
EDV = end-diastolic volume; ESV = end-systolic volume; LVEF = left
ventricular ejection fraction.
RT3DE and MDCT Evaluation of LV Volumes
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y = 0.71x + 28.42,
R2 = 0.65, p < 0.01
y = 0.6x + 16.27,
R2 = 0.75, p < 0.01
y = 0.56x + 27.5,
R2 = 0.58, p < 0.01
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Fig. 2. Linear regression analysis for (A) two-dimensional echocardiography (2DE) and (B) real-time three-dimensional echocar-
diography (3DE) measurements of left ventricular volume and ejection fraction (EF) versus 64-slice multi-detector computed
tomography (MDCT) reference values. CT = computed tomography; EDV = end-diastolic volume; ESV = end-systolic volume;
LVEF = left ventricular ejection fraction.
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Fig. 3. Bland-Altman analysis for (A) two-dimensional echocardiography (2DE) and (B) real-time three-dimensional echocardio-
graphy (3DE) measurements of left ventricular volume and ejection fraction versus 64-slice multi-detector computed tomography
(MDCT) reference values. CT = computed tomography; EDV = end-diastolic volume; ESV = end-systolic volume; LVEF = left ven-
tricular ejection fraction.
as well as the increasing availability and use of 64-
MDCT and transthoracic 3DE, it is important to
determine how results obtained from transthoracic
2DE, RT3DE and 64-MDCT compare. These param-
eters provide necessary information about therapeu-
tic strategy, risk stratification and clinical diagnosis
[1,10,11]. Among modalities evaluating LV volume
and systolic function in clinical practice, transtho-
racic 2DE is used most widely because it offers
advantages of being noninvasive, fast, easily acces-
sible, and involves no radiation exposure; neither
is it limited by arrhythmias. It is an inherently real-
time imaging technique, but its imaging acquisition
depends both on the operator and the acoustic
window. For instance, populations with obesity,
chronic lung disease or prior cardiothoracic surgery
show poor acoustic windows that would impair the
optimal visualization of cardiac chamber. Transtho-
racic 2DE measurements are considerably disad-
vantaged by the significant reliance on geometric
assumptions. The biplane Simpson’s method hypoth-
esizes that the LV cavity is truncated ellipsoid. Two
selected planes are used to derive the 3D data. Sig-
nificant error would exist if the LV cavity were asym-
metric. As the LV volume increases, the left ventricle
becomes more spherical and the relationship be-
tween length and diameter is altered [3].
Transthoracic RT3DE theoretically offers accurate
LV volumetric measurements without relying on a
geometric assumption but it has limited roles in
patients who are arrhythmic or cannot hold their
breath for a few seconds. Because of the suboptimal
resolution of RT3DE, it could be difficult to clearly
delineate the endocardial borders during calculat-
ing LV volumes in certain cases. Through better
endocardial delineation, contrast transthoracic 3DE
allows a more accurate assessment of LV volumes
and shows a lower variability between observers
[12,13]. Nesser et al [14] showed that transtho-
racic 3DE with speckle tracking technique is supe-
rior to 2DE with speckle tracking for assessments of
LV volumes and systolic function. Since the heart is
imaged over multiple heartbeats in transthoracic
RT3DE, the complete cardiac volume must be
stitched together, which can result in misregistration
and banding artifacts due to differences in timing
and motion factors. Theoretically, these challenges
could be overcome with complete heart coverage
of one heart beat, which could be used in patients
with arrhythmias and those who are too debilitated
to hold their breath for a few seconds. One heart
beat 3DE is a promising technology and might be
applied as a daily practice modality in routine care
of patients with cardiovascular diseases.
It has been reported that 11% of segments on
reformatted short axis CT images are affected by
motion artifacts or poor contrast within myocar-
dium and precluded for regional motion analysis in
16-slice CT with a rotation time of 500 ms [15].
The 64-MDCT is capable of clearly delineating the
endocardial border, and therefore, yields an excellent
reproducibility. It has also been tested for its ade-
quate correlation with CMR in measurements of LV
function and volume [16,17]. When compared with
CMR, MDCT examination is less time-consuming
and offers better reproducibility for measuring LV
volume, EDV, ESV and EF. It can also accomplish cor-
onary CT angiograms and assessments of LV volume
and function at the same time. A current limitation
with MDCT is the need for decreasing the heart rate
at the time of scanning, often requiring the use of a
β-blocker, which may not be feasible in all patients.
MDCT-derived LV volume and EF are often ques-
tioned because of the pre-medication needed, such
as β-blockers and contrast media, both of which
carry evidence of negative inotropic effects. In addi-
tion, radiation exposure is also an issue of concern.
The interval time between 64-MDCT and trans-
thoracic 2DE and RT3DE may influence measure-
ment changes even if patients with clinical events
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Table 2. Reproducibility of real-time three-dimensional
echocardiography
Inter-observer Intra-observer
variability (%) variability (%)
EDV 7.7 ± 13.8 4.6 ± 8.2
ESV 12.0 ± 14.7 6.8 ± 10.0
LVEF 3.5 ± 8.3 1.0 ± 3.8
EDV = end-diastolic volume; ESV = end-systolic volume; LVEF = left ven-
tricular ejection fraction.
were previously excluded. In our study, echocardio-
gram and CT examinations were not performed on
the same day. To further reduce the stitch phenom-
enon in 64-MDCT, we used β-blockers for reduc-
tion of heart rate and heart rate variability.
In this study, we showed that transthoracic
RT3DE and 64-MDCT are comparable for assessing
LV volume and EF, and that measurements from
transthoracic 2DE are not as well correlated with
64-MDCT compared with those from transthoracic
RT3DE. The non-invasiveness and convenience of
echocardiography means that serial examination is
safer and easier but the suboptimal resolution of
transthoracic RT3DE may limit its use in daily prac-
tice. Currently, transthoracic 2DE remains the most
common technique used for determining LV volu-
metric parameters.
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